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^ T J^ A ^^^i^ T0 ^ NSOR problem addressed by the present invention, on the 

CW ^^S F J?^t^^ other rTnd, relates to the large buito placed ontoccarral 

fkocj^mmu MACHINE processors by the bus communication, in particular with 

rnrrcc p™?*™™ ™ t>*r a<™ chUi &* variables (e.g., rapidly changing mechani- 

CROSS-RE^^C^ TO RELATED 5 cal variables) with a high resolution. When using such 

APPLICATIONS sensors and actuators, h may happen that significant 

_ . ,. . resources of the CPU are used (up to 40%) by the bus 

This application claims the priority of German Patent communication, including other tasks like signal we^nro- 

f^M?^' 1( ?™ 2J| ** Nov ' * 2002 > «*m*>*. calibration, etc. Ih^SS 

and 103 02 878.1, filed Jan 25, 2003, pnsuant to 35 US.C, io are then not available to ttecectral processor or processing 

1 1 9(aHd)» the disclosure of which is incorporated herein by unit for actual computational and control tasks 

reference. European PaLNo.EPO 917 034 describes a method for 

TW^r.pmrwn nv nrc Tkrvuxmnxi I P ote monitorin 8 «*« maintenance of an injec* 

BACKGROUND OF THE INVENTION ti(m molding machine. The injection molding machine is 

— 15 provided with an SPS with at least one CPU for controlling 

The present invention relates to a control system for d* actuators of the injectton molding machine in real- toe. 

^Sf^ 8mg ^ fc Data are transmitted between the injection molding machine 

machHttS, and more particularly to a controller for plastics and a remote monitoring station Seated at a distal location 

S^" 0 ™^^^^ for remote m^S 

* w ^u~t ^ 20 described kEPO 917 034, several actuators and sensors are 
Control systems with digital peripheral equipment for connected via inputs and outputs to a real-time controller 
plastics processing machines use bus systems, in particular The touts and outputs can include a digital card or an 
^^systems, meeting real-time reouirementsforcom- analog card However, EP 0 917 034 does mrt disclose that 
JSSSJJl^^ these cards are provided with preprocessing units. Accord- 
processor (C^Jberemate also referred to as central j* ingry, the inputTand outputs Soo^talX 

Sf^^^y ratK> crfCTU^Onrveisely, thecapa- increased comnumkation bandwidth over a naTtime-ca- 
bihties of reai^e-capable, serial bus systems have pro- pabte bus systems. 

gresscd atj a much slower pace, to addition, in particular U.S. Pat No. 5,901,058 describes a system and a method 

SShiSS^ 30 &r achieving heterogeneous data flow in control systems. A 
cob have to be processed forcahteauon, tttenhficatjonof the server is connected with a plurality of controllers via a bus 

wdkdn™ «dqm of drivers from different man* system, with the controOers operativery connected via a bus 

2E^«2 ^^J^f^ of **** WW™ system with individual input/outputs stations which provide 

nw?ttS X 1^1^ * communicatbtt with sensors and actuators. However, this 

^T/^T^« ^ 8y8tem separate 35 lefeencc does not suggest a dh^ 

kS^J^^SL^ econonncally difficult to of actuatorsto an inpulfeutr^ as weU as the use of ASI^ 

in^ematfma^quanmies or FPOAs (tkld-programmflble gate arrays) in the input/ 

. 2^ I* 1 *"** DE W 790 C2 describes output devices Si^S^^ZZS. 

JSZZ ^^S rm ^° T ^ Twould therefoTrairable and a^Se^to 

wtoeby a control device is subdivided into at least a first 40 provide an improved device 

^J^,^f^^T l *! fUcct ? mal «* tendwidtb requirements of realtime-capable bus systems, 

measiires an ac tual ,yai mmn y*m> ltmm the second in particular serial bus systems, of plastics processing 

tlSS^S r^r^r^ 0U *? 8 * and associated handling devices, which obviates 

SfS^ * ^itoomir^s anTfea^ to specifically free up 

providing a decentralized mput/output system that does not 43 computing capacity in the CPU 
require additional installation space and manufacturing 

expenses. In addition, the wiring complexity should be SUMMARY OF THE INVENTION 
mmimiy ff d to save cost This problem is solved by imple- 
menting Jn particular a portion of the functional unit with a According to oneaspect of the mvention, a control system 
cctfcol device ma plug connects: which is connected via a 50 for a plastics rjrocessing machine indudes a cexoW process 
r^j^f- a C^^.widi the actual central controller. ing unit executing a real-time operating system, a plurality 
ir^eiectror^c^^ ofactuators and/or sensors 

^example, an ASIC (ar^hcarton-speciflc integrated cir- central processing unit, with at least one actuator and/or at 

cuit^a microprocessor and a power supply. The ASIC least one sensor being directed to a rapidly fluctuating 

emiverts the analog measurement values to digital signals. 53 variahle with a high resolution, and at least one first pre- 

me microprocessor controlled the ASIC and performs the processing unit having at least oik ASIC or FPGA, wherein 

computation, lineanation, c^d-jurKtion^xrapensation and the plurality of actuator and/or sensor, of which at least one 

transrmssion to the field bus controller. is directed to a rapidly fluctuating variable with a high 

i J*™* n * mlng tbci ? nocou P k8 «* sensors, DE 199 58 resolution, is connected with the first pre-processing unit, 

790 C2 describes the possibility of providing ha a controller 00 and wherein the first pre-processing unit is connected with 

additional digital outputs which can be connected with other the central processing unit via the bus system, 

sensors, for example core pullers, limits switches or prox- According to another aspect of the invention, a control 

unity switches. system for a plastics processing machine includes a central 

The sensors or actuators (e.g., heating tapes) mentioned in processing unit executing a real-time operating system, a 

DE 1 99 58 790 C2 all represent components which operate 65 plurality of actuators and/or sensors connected via a bus 

raatrveiy slowly and typically do not require a high reso- system to the central processing unit, with at least one 

lutKm * actuator and/or at least one sensor being directed to a rapidly 
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fluctuating variable with a high resolution, and at least one FIG. 1 is a schematic diagram of a control system for a 
pre-processing unit havmg at least one ASIC or FPGA plastics processing machine according to the invention; 
arranged between the bus system and the central processing FIG. 2 is a schematic diagram of another control system 

. fbr a plastics processing machine according to the invention; 

According to yet another aspect of the invention, a control 5 and 
system for a plastics processing machine includes a central FIG. 3 is a schematic diagram of a third control system for 
processing unit executing a real-time operating system, a a plastics processing machine according to the invention, 
plurality of actuators and/or sensors connected via a bus 

system to me central processing unit, with at least one DETAILED DESCRIPTION OF PREFERRED 

actuator and/or at least one sensor being directed to a rapidly io EMBODIMENTS 
fluctuating variable with a high resolution, at least one first 

pre-processing unit having at least one ASIC or FPGA, and Throughout ail the Figures, same or corresponding ele- 
a second pre-processing unit with at least one ASIC or FPGA ments are generally indicated by same reference numerals, 
arranged between the bus system and me central processing These depicted embodiments are to be understood as tlftis- 
unit, wherein the plurality of actuators and/or sensors, of 15 trative of the invention and not as limiting in any way. It 
which one is directed to a rapidly fluctuating variable with sim1 ^ also be understood that the drawings are not neces- 
a high resolution, is connected with the first pre-processing sarily to scale and that the embodiments are sometimes 
unit, and wherein the first pre-processing unit is connected illustrated by graphic symbols, phantom lines, diagrammatic 
with the central processing unit via the bus system. representations and fragmentary views. In certain instances, 

In a control system according to the invention, the data of 20 details which axe not necessary fbr an understanding of tne 
several sensors and/or actuators are pre-processed with me kvemion or which reader other details difficult to 

ndp of field-programmable gate arrays (FPGA) and/or perceive may have been omitted, 
application-specific integrated circuits (ASIC). At least one Turning now to the drawing, and in particular to FIG. 1, 
sensor or actuator represents a component that is directed to there is shown a CPU 4 which, as described in more detail 
a rapidly fluctuating, in particular mechanical, variable with 23 Mow » is connected via a serial bos system 3 to an ASIC/ 
a high resolution. Synchronization and processing is eco- FPGA unit 2. Hw ASIC/FPGA unit 2 includes a field* 
nomkalry feasible only by using FPGAs and ASICs. A programmable gate array (FPGA) and/or an appUcatkra- 
quantity-Hiependent, economical balance between local pro- specific integrated circuit (ASIC), which is specifically 
cessing capacity and the demand on communication tailored to the present embodiment and the connected sen- 
resources is achieved via the quanttt>dependem impiemen- 30 fm or actuators. The ASIC/FPGA unit 2 is connected with 
tation ofFPGAs and ASICs in signal pre-processing, system at least one sensor and/or actuator 1 and preprocesses the 
functions and communication mks. The use ofFPGAs and sifinals rccerved the sensor and/or actuator 1. At least 
ASICs according to the invention for pre-piocesaing signifi- one sensor or actuator is im pte me a t ed as a component which 
cantiy lessens the burden on the bus communication in fully can measure a rapidly mictuating variable with highreso- 
and substantially digital rnacMne controls and promotes the 35 lutioiL ^ resolution can be, for example in the range oft 6, 
economical application of a single CPU for real-time appfi- 21 «* awe bits. These quantities are typically niechanicai 
cations. Shielding the commimication from local tasks quantities, such as pressure, linear dimensions, total mass 
thereby prevents the formation of bottlenecks in the real- ^ aw __ °* sima * f quantities. However, some sensors— -fbr 
time bus communication. A complex control can then be example, the sensor unit or actuator unit V in FIG. 1 — can 
implemented with a pre-defined bandwidth of me bus sys- 40 be directly connected with the serial bus system 3. Suitable 
terns, in particular of the aerial bus systems. ^ are here particular those components which require only 

Embodirnents of the mvention may include one or more bandwidth « *«rces &om the serial bus system 

of me following features. Another processing unit with a whose data cannot beer need not be locally processed. 

CPU can be arranged between the bussysto and the first € 

pre-processing unit An I/O system can be arranged on the 45 ^^T^^^ ' 
bus system or on the other processing unit cwmected down- H0 : 2 shows another embodiment of the control system 
stream of the bus system. Tne pre-mccessinn unit can be fx™*** to mvenuon. A CPU unit 10 is provided which 
adapted to pteprocess signals and matohdbivera for the m connected to a monitor Uand a keyboard 14 to input and 
sensors and/or the actuators, and to calibrate the sensors 0utput . of ^ CPU unit 10 is coupled to a pro 
and/or the actuators. The bus system may be implemented as 50 P***^ w& * subsequently referred to as second 
a serial bus . The central rjrocessing unit can mdude^innut ^professing unit, which directly relieves the CPUunit 10 
device (keyboard) and a monitor of the bus connrmmcation. By using the second pre-pro- 

S^ZS^K^ST* -1 f** ¥ l ££ M capacty. Tne second pre-processing unit 18 also includes an 

at a millisecond clock ASIC or a FPGA suikblf adapt^dfbr communication. 

ft riff DFsrpnynnjsi np tut? ™ aiwm/i 50 sy9tem 22 Scveral SGrmn or actuators are connected to the 
BRIEF DESCRlFnON OF THE DRAWING first pre-processing unit 20 which again includes an ASIC 

_ , and/or a FPGA. m the present example, n components SI to 

Utter features and advantages of the present invention Sn are depicted which are directly connected with the first 
will be more readily apparent upon reading the following pre-processing unit 20. These components can be sensors 
aesenpuon of currently preferred exemplified emrx>diments 63 and/or actuators. It should be emphasized, that several 
of the invention with reference to the accompanying draw- sensors or actuators SI to Sn am always connected to the 
ing, in which: first pre-processing unit 20, whereby at least one sensor ot 
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actuator is directed to a rapidly fluctuating mechanical 
quantity, such as a pressure signal, a distance signal, a 
volume flow signal, etc., with a high resolution. In particular, 
such rapidly fluctuating variables with a high resolution 
require a high bus communication speed, which would tax 
Ac capacity of the central processing unit, unless a corre- 
sponding pre-processing unit is connected upstream. 

It will be understood that several pre-processing units 20 
can be connected to the serial bus system 16, Only one 
pre-processing unit is depicted in FIG. 2. In addition, an 
input/output system (I/O system) 72 with analog inputs and 
outputs (Al, AO) and digital inputs and outputs (Di, DO) can 
be provided. 

The additional embodiment depicted in FIG. 3 difibrs 
from the embodiment depicted in FIG , 2 with respect to two 
details. Instead of the second pre-processing unit 18, a 
second CPU unit 24 (CPU 2) is provided downstream of fee 
bus system If, which is implemented as a SCSI bus. Tht 
first CPU unit (CPU 1) with me reference numeral 10' is 
connected with the second CPU unit 24 directly via the serial 20 
bus 16*. This "2-CFU controller reduces the bus commu- 
nication in particular through the use of the second CPU unit 
24, winch transmits to the first CPU unit Iff and receives 
from die first CPU unit 10' via the serial bus Iff only the 
signals required for die actual controL 33 

The control and communication with the sensors and/or 
actuators SI to Sn is again performed in the first pre- 
processing unit 20, so that the cc^nmumcauon between die 
first pre-processing unit 20 and the second CPU unit 24 can 
be kept at a minimum. In this embc<lrment, too, at least one 30 
of the sensors or actuators is directed to a raiidry fluctuating 
variable with high resolution. 

By pre-processing the signals and/br data according to the 
invention with die ASIC/PPGA unit, a feedback to the 
sensor/bctuator can be implemented without overly taxing 35 
the resources of the serial bus system for oontrol commands 
or data transmi ss i o n. Seal-time requirements of the control 
system can then be more easily satisfied, in particular when 
die time-critical signal processing and data computations are 
performed by die ASICs/FPGAs, which can provide feed- «o 
back to die sensors/actuators. 

In addition, complex control systems where several sig- 
nals and data have to be considered, can be impkmcBted 
whli serial bus systems having a predetermined bandwidth. 

What is claimed as new and desired to be protected by 45 
Letters Patent is set forth in the appended claims and 
includes equivalents of the elements recited therein: 

What is claimed is: 

*; A control system for a plastics processing machine, 
comprising: 

a central processing unit adapted to execute a real-time 

operating system; 
a plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, at least one 
actuator and/or at least one sensor being directed to a 
rapidly fluctuating variable with a high resolution; and 
at least one first pre-processing unit having at least one 
ASIC or FPGA, at least one actuator and/or sensor 
directed to a rapidly fluctuating variable with a high 



4. The control system of claim 2, further comprising an 
I/O system disposed on the bus system downstream of the 
second processing unit. 

5. The control system of claim 1, wherein the at least one 
fim pre-processing unit is adapted to preprocess signals and 
match drivers for the sensors and/or the actuators, and to 
calibrate the sensors and/or the actuators. 

6. The control system of claim 1, wherein the bus system 
is implemented as a serial bus. 

7. The control system of claim 1, wherein the centra! 
processing unit includes an input device and a monitor. 

8. The control system of claim 7, wherein the input device 
is a keyboard. 

9. The control system of claim 1, wherein at least one 
pre-processing unit is configured to relieve the central 
processing unit from communicating via the bus. 

10. The control system of claim 2, wherein the second 
pre-processing unit is configured to relieve the central 
processing unit from communicating via die bus. 

11. A control system for a plastics processing machine, 
comprising: 

a central processing unit adapted to execute a real-time 
operating system; 

a plurality of actuators and/or sensors connected via a bus 
system* to the central processing unit, at least one 
actuator and/or at least one sensor being directed to a 
rapidly fluctuating variable with a high resolution; and 

at least one r*e-piiocessing unit having at least one ASIC 
or FPOA arranged between the bus system and the 
central processing unit 

12. The control system of claim 11, wherein the bus 
system is implemented as a serial bus, 

13. The control system of claim 11, wherein the central 
processing unit includes an input device and a monitor. 

14. The control system of claim 13, wherein die input 
device is a keyboard 

15. The control system of claim 11, wherein the pre- 
processing unit and/or another pre-processing unit are con- 
figured to relieve die central processing unit from commu- 
nicating via the bus. 

16. A control system for a plastics processing machine, 
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resolution being connected with the first pre-processing to comprising 

Unit the fini nTO_niVW»Ceino tmir Kami* /Mmt^il - 1 1 



a central processing unit adapted to execute a real-time 

operating system; 
a plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, at least one 
actuator and/or at least one sensor being directed to a 
rapidly fluctuating variable with a high resolution; 
at least one first pie-processing unit having at least one 
ASIG or FPOA and connected with the central pro- 
cessing unit via the bus system; and 
a secoad reprocessing unit having at least one ASIC or 
FPGA and disposed between the bus system and the 
central processing unit, at least one actuator and/or 
sensor directed to foe rapidly fluctuating variable with 
high resolution being connected with the first pre- 
processing unit, the first pre-processing unit being 
connected with the first pre-processing unit. 
17. A control system for a plastics processing machine, 



v» " *— «— *• ****** i/iv-y»ww»iug 

unit, the first pre-processing unit being connected with 
die central processing unit via the bus system. 

2. The control system of claim 1, and ftirther comprising 
a second processing unit having a CPU and disposed 
between the bus system and foe first pre-processing unit. 

3. The control system of claim 1, and further comprising 
an I/O system directly disposed on the bus system. 



65 



a central processing unit adapted to execute a real-time 

operating system; 
a first operating element responsive to a fluctuating vari- 
able with a high resolution and operativeJy connected 
to the central processing unit via a bus system; and 
a first pre-processing unit having at least one ASIC or 
FPGA and connected to the bus system between the 
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central processing unit and the first operating element 
for locally processing the first operating element. 

18. The control system of claim 17, wherein the operating 
element is a member selected from the group consisting of 
actuator and sensor. 

19. The control system of claim 17, and further compris- 
ing a second said operating element connected to the bus 
system. 

20. The control system of claim 17, and further compris- 
ing a second said pre-processing unit disposed on the bus 
system between the central processing unit and the first 
pre-processing unit. 
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21. The control system of claim 17, and Anther compris- 
ing an I/O system directly disposed on the bus system. 

22. The control system of claim 17, further comprising a 
flirther central processing unit operatively connected to the 

5 central processing unit via a second bus system, and an I/O 
system disposed on a bus system downstream of the father 
processing unit. 

23. Hie control system of claim 17, wherein the bus 
io system is implemented as a serial bus. 

***** 



